Selection of foods by animals largely depends on their physiological condition. In this paper, we reported how physiological changes in rats after ingestion of sake (Japanese rice wine) affected their preference for different kinds of sake. Rats could discriminate among various kinds of sakes in a two-bottle choice test, even after adjustment of the glucose concentration or alcohol concentration of the sake, suggesting that the choice of a sake by animals was based on more than one ingredient. To identify effect of a rat's physiological condition on the selection of sake, we monitored the levels of blood glucose, nonesterified fatty acids (NEFA), and ketone bodies in serum in mice after forced intragastric ingestion of sake that had previously been offered to the rats in a two-bottle choice test. Blood glucose levels in mice were not different between the rats fed the palatable and unpalatable sakes, and the NEFA level and ketone level were high in rats fed the unpalatable sake. To further clarify the relationship between physiological condition and preference for sake, rats were offered eight kinds of Junmai-syu, which is made with only rice and no sub-ingredient. Rats could still discriminate among Junmai-syu. Furthermore, with two exceptions, the preference for a sake was significantly correlated with the ketone level. The order in the ratio of blood insulin level to blood glucagon level, which is an indicator of metabolism, was correlated with the order in preference to sake. These results suggest that some physiological factors besides oral stimulation also are important factors in the selection of a sake.
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The physiological condition of animals has a strong effect on their selection of food. For instance, when our blood glucose level decreases, we feel hungry and want to eat sweet foods. In animal models, rat fed diets that are deficit in essential amino acids and then offered a choice between a deficient diet and a complete diet tend to choose the complete diet. 1) In mice, administration of leptin suppresses responses of peripheral taste nerves to sweetness.
2) These studies suggest the peripheral physiological condition of an animal is correlated with its selection of food.
Japan has a wide variety of sakes, such as Ginzyo-syu (fruity and flowery aroma made with <60% polished rice), Honjozo-syu (normal sake), Junmai-syu (made with only rice with no sub-ingredients). The taste of sake is evaluated by sensory tests based on taste and stimulation of the tongue. Many terms are used to describe taste, such as amakuchi (sweet taste) and karakuchi (dry taste). Although many studies have been done to develop high-quality sake, [3] [4] [5] there is no scientific evidence to show which kind of sake is most drinkable or preferable. Drinking alcohol itself affects metabolism in animals. Drinking ethanol causes hypoglycemia [6] [7] [8] [9] [10] [11] [12] [13] and increases the levels of ketone bodies. 14) Protein intake affects the selection of alcohol in alcohol preference AA rats.
15) The drinkability of beer is affected by the rate of gastric emptying. 16) These results suggest that physiological changes that occur in an animal after drinking alcohol affect its preference for alcohol. Sake contains not only alcohol but also sugar, acids, amino acids, and some other oligosugars. We speculated that the physiological change in an animal after ingestion of a sake are affected by various components in sake, and can result in a change of preference for sakes.
The study was therefore designed to find whether the preference for a sake is related to physiological changes that occur in response to consumption of sake.
Materials and Methods
Animals. Eight-week-old male SD rats (Charles River Japan, Yokohama, Japan) were housed individually in standard cages (33 Â 23 Â 12 cm) under controlled y To whom correspondence should be addressed. Tel: +81-82-420-0814; Fax: +81-82-420-0804; E-mail: manabe@nrib.go.jp Abbreviations: NEFA, nonesterified fatty acids; I/G ratio, insulin/glucagon ratio conditions of temperature (22 AE 2 C) and a 12-h light 12-h dark cycle. The animals had free access to food and water until the day before the experiment. All animals received humane care as outlined in the Guide for the Care and Use of Laboratory Animals (National Research Institute of Brewing Animal Care Committee).
Assay of components in sake. Eight kinds of sake and 15% ethanol (v/v) were used in experiment 1. Eight kinds of Junmai-syu and diluted rice-syotyu (distilled alcohol made of rice) were used in experiment 2. Glucose concentration, total acid, nihonsyudo, and extracts are generally used to characterize sake. Glucose concentration in sake was assayed with a commercial kit (glucose B test Wako, Wako Pure Chemical Industries, Osaka, Japan). Total acidity was analyzed by neutralization titration in 0.1 N NaOH. 17) Amino acid composition was identified with an amino acid analyzer (835, Hitachi Ltd., Tokyo, Japan), and alcohol concentration and nihonsyudo (specific gravity in sake) were analyzed with density/specific gravity meters (DA-300, Kyoto Electronics Co., Ltd., Kyoto, Japan). Extracts were analyzed according to the Annotation of Official Methods of Analysis of National Tax Administration Agency.
17)
Two-bottle choice test. Twenty hours after deprivation of food, rats were given a choice between water and 0.1% saccharin (Sigma Chemical, St. Louis, MO) for 10 min to train them to choose selectively the favored fluid in a two-bottle choice test. Rats were deprived of food during the two-bottle choice test. After training, the rats were given various kinds of sake to habituate them to the novel taste of sake and to avoid neophobia. For this part of the training, pairs of sake were selected randomly and offered to the rats in two bottles at the same time. On the test day, rats were given sakes in two bottles, each containing a different type of sake. Preference for a particular sake was expressed as the amount of it that was consumed divided by the total intake.
Physiological parameter. Animals. Nine-week-old C57/BL mice (Charles River Japan, Yokohama, Japan) were housed in standard cages (33 Â 23 Â 12 cm) under controlled conditions of temperature (22 AE 2 C) and a 12-h light 12-h dark cycle. The mice had free access to food and water until the day before the experiment.
Blood sampling. Mice were treated with a single intragastric administration of 0.1 ml of sake 20 h after deprivation of food. Blood was collected from a severed neck vein, allowed to clot, and centrifuged to obtain serum. Serum glucose was measured with a glucose B kit. Free fatty acids in serum were measured with a NEFA C kit (Wako). Ketone bodies were measured with a ketone test kit (ketone test; Sanwa Kagaku Kennkyusyo Co., Ltd., Nagoya, Japan). Insulin was measured with a mouse insulin U-type kit (Shibayagi Co., Ltd., Shibukawa, Japan). Glucagon was measured with a Glucagon 1-29 EIA kit (Bachem, San Carols, CA).
Statistical analysis. Comparison between two groups was made with Student's paired t-test. The intake was analyzed by a one-way ANOVA and was followed by a post-hoc Tukey test. The relation between two factors was analyzed by a non-parametric method (Spearman rank correlation test). Cluster analysis was done by the Ward test.
Procedures. Experiment 1. Ten rats were individually tested in a two-bottle choice test with 8 kinds of commercial sake. The sakes differed in their alcohol concentrations, and the presence or absence if sub-ingredients or added alcohol. Then, to further identify the relation between preference for sake and the physiological parameters, we used mice. Twenty hours after deprivation of food, the mice were treated with a single intragastric injection of 0.1 ml of sake, the one that was the most preferable or the most disliked in two-bottle choice tests of rats. 15% ethanol was used as a control. We collected blood 10 or 30 min after injection of sake, and prepared serum. Then we assayed the blood glucose level, free fatty acids and ketone bodies.
Experiment 2. The results from experiment 1 were thought to be attributable to undetectable components in sake caused by the difference in the process of the making sake, since sakes used in Experiment 1 contained various types of sake. To ascertain the relation between preference for sakes and physiological condition, we used eight types of Junmai-syu, a category of sake that is made with only rice with no sub-ingredient. Diluted Syotyu (distilled spirit made from rice) was used as a control. The methods were the same as in experiment 1. First, we identified preference for eight kinds of Junmai-syu in rats. Then, the mice were treated with a single intragastric injection of eight kinds of Junmai-syu. Diluted Syotyu was injected as a control. The blood was collected and assayed the blood glucose level, free fatty acid and ketone bodies. Furthermore, we determined hormone levels (insulin and glucagon).
Results

Experiment 1 Two-bottle choice test
Rats were able to discriminate clearly among 8 kinds of sake. Table 1 -a shows the intake of each kind and Table 1 -b summarizes the preferences among the 8 kinds. Table 1 -b shows the results of statistical analysis (n ¼ 10, paired t-test). Column B Â row D (p < 0:01) indicates that rats significantly preferred sake D (p < 0:01). Column F Â row A (;) indicates that rats were not able to discriminate between sake A and sake D. The preference can be stated as follows:
To elucidate the relationship between preference and the components in sake, we focused on the glucose and alcohol concentrations, because the preferred sakes tended to be high in glucose concentration and low in alcohol concentration (Table 2) . Then we added glucose to all the sakes except D to bring the glucose concentration up to 3.8%, which is the same as that in the most preferred sake D. In a separate experiment, we added pure ethanol (>99:9%) to sake D to bring its ethanol concentration to 15.5%, which is the same as that in sake G. These modified sakes were then used in a two-bottle choice test. However, rats could still discriminate among sakes containing the same glucose concentration (p < 0:01, t-test) or the same alcohol content (p < 0:01, t-test). This suggests that the choice of sake was not based only on glucose or alcohol concentration.
Physiological parameters Three groups of mice were intragastrically injected with sake G, sake D, and 15% ethanol, respectively. Serum glucose level in the mice injected with sakes G and D were significantly higher than those in the mice injected with 15% ethanol at both 10 min and 30 min after injection (Fig. 1a) .
At 10 min after injection, the NEFA (nonesterified fatty acid) level in the sake D-injected mice was significantly lower than the levels in the 15% ethanolinjected mice (p < 0:01) and the sake G-injected mice (p < 0:05) (Fig. 1b) . Also, the level of ketone bodies in the sake D-injected mice was significantly lower than the levels in the sake G-injected mice (p < 0:05) and the 15% ethanol-injected mice (p < 0:01) at 30 min after injection (Fig. 1c) .
Experiment 2 Two-bottle choice test
Rats also could discriminate among Junmai-syu as in experiment 1 (Table 3 -a and b). The rats had a significantly higher preference for sake JA and JB than for the other sakes. Based on the results shown in Table 1 Rats were given sakes in two bottles 20 h after deprivation of food. Preference for each sake was expressed as the intake of one bottle sake divided by the total intake. Results for preference show preference values that reveal significant differences in preference for sakes (n ¼ 10). The symbol ; in the preference row expresses no difference in a two-bottle choice test. This table shows the results of statistical analysis. For example, the preference for sake D was significantly greater than the preference for sake B (p < 0:01), and the preference for sake A was similar to the preference for sake F (;). These major components are main factors determining the taste of sake. These components were analyzed as previously described. 17) See Materials and Methods for an explanation of these components. Table 3 , the order of preference for Junmai-syu was as follows:
Physiological parameters We first analyzed the blood glucose level, NEFA level, and ketone level in mice injected with the most preferred sakes (JA or JB) and the least preferred (JH). The glucose levels in JA-and JH-injected mice 30 min after injection were not significantly different (169:07 AE 9:36 vs. 177:83 AE 5:99, p ¼ 0:471). On the other hand, at 10 min after intragastric injection, the NEFA levels in JA-and JH-injected mice were different (1:25 AE 0:062 vs. 1:32 AE 0:056, p ¼ 0:057). The ketone levels were not significantly different between the JAand JH-injected mice (1255:8 AE 71:6 vs. 1450:5 AE 78:8, p ¼ 0:093), but they were significantly different between the JB-injected mice and the JH-injected mice (1121:2 AE 102:7 vs. 1450:5 AE 78:8, p < 0:01). Next we analyzed the blood glucose level, NEFA, and ketone level in mice injected with the rest of the Junmai-sakes (JC, JD, JE, JF, and I), and then we performed a correlative analysis between the order in NEFA level and that in preference for Junmai-syu. The order of preference tended to be related to the NEFA level (Fig. 2a) but the correlation was not significant (p ¼ 0:068). However, the order of preference was significantly correlated with the ketone level for all Junmai-syu except JC and JE, shown as squares Mice were treated with an intragastric administration of sake D (the most preferred sake), sake G (the least preferred sake), or 15% ethanol. Values are means AE SEM (n ¼ 7{13). The data were analyzed by the ANOVA and the pos-hoc Tukey test (Blood Glucose: n ¼ 7{8, **, p < 0:01 from 15% ethanol; NEFA: n ¼ 7{9, **, p < 0:01 from 15% ethanol; §, p < 0:05 from G; ketone body: n ¼ 12{13, **, p < 0:01 from 15% ethanol; §, p < 0:05 from G).
(r 2 ¼ 0:9654, p < 0:01) (Fig. 2b) . Cluster analysis of the Junmai-syus using NEFA and ketone levels as factors, JA and JB, which were the most preferred Junmai-syus in two-bottle test, formed a group, and JG and JH, which were the least preferred sakes, formed another group (Fig. 3) . 
Hormone level
To determine whether metabolic-related hormones could be related to the differences in NEFA levels or ketone level, insulin and glucagon levels were measured in the mice injected with Junmai-syu, but no significant differences were found (Table 4) . However, the insulinglucagon molar ratio, which represents metabolic conditions, 18) was found to be related to the order of preference for Junmai-syus (Fig. 4 , r 2 ¼ 0:783, p ¼ 0:0657).
Discussion
Our results show that the physiological condition of animals as expressed by NEFA and ketone levels is closely related to their preference for various kinds of sake. The rats in our study were able to discriminate among sakes even when they had the same alcohol concentration or the same glucose concentration. They were also able to discriminate among Junmai-syu, which contain no sub-ingredient. This suggests that the preference for a particular sake is not due to single component or sub-ingredients. Blood glucose level after intragastric injection of the most palatable and least palatable sakes was not significantly different. NEFA and ketone levels, however, were significantly lower in rats injected with the palatable sake. Furthermore, preference for all but two types of Junmai-syu was significantly correlated with ketone level and the I/G ratio. This suggests that some physiological factors besides oral stimulation are related to preference for a particular sake.
In animals, an important part of homeostasis is the maintenance of blood glucose levels. Our finding of similar blood glucose levels among mice given various sakes was consistent with their behavior regarding metabolic priority. Ketone body and NEFA levels were low after injection of preferred sake and high after ingestion of the least preferred sakes (Figs. 1 and 2 ). This suggests that preference for a particular sake is affected by metabolic condition. Based on the high ketone and NEFA levels in unpalatable sake, it appears that animals recruit all metabolic systems to maintain blood glucose level. It appears to be easy to maintain blood glucose level by ingesting the preferred sake based on the low ketone level and NEFA level after ingesting the preferred sake. Indeed, the I/G ratio, an index of metabolism, was different after ingestion of different sakes. Two types of sake that did not fit the correlation between the order of preference and NEFA and ketone body levels might be due to selection based on other factors such as oral stimulation, or the odor of the sake.
Why does ingestion of different sakes result in different levels of ketone and NEFA levels in the blood? Previous researchers report that ingestion of alcohol decreases blood glucose level [6] [7] [8] [9] [10] [11] [12] [13] and increased ketone level. 14) Ingestion of ethanol has been shown to increase energy expenditure and decrease respiratory quotient (RQ). 19, 20) These facts indicate alcohol itself affects metabolism. But, blood ketone and NEFA levels were different after ingestion of different kinds of Junmai-syu, even though they had the same alcohol concentration. Therefore, the difference in preference appears to be due to more than just the alcohol concentration. An alternative explanation for the differ- JA and JB were the most preferred sakes in the two-bottle choice test, and JG and JH were the least preferred, as shown in Table 3 . JA and JB were the most preferred sakes and JG and JH the least preferred in the two-bottle choice test, as shown in Table 3 Table 4 and order of preference was obtained from Table 3 ence in preference is that the preference depends on the glucose content of the sake. The alcohol preferable AA rats (alcohol-preferring rats) and the aversive ANA rats (alcohol-avoiding rats) have different mechanisms to maintain their blood glucose levels after alcohol ingestion. 15) It is interesting that the preference for alcohol can be attributed to a difference in carbohydrate metabolism. On the other hand, previous studies have focused on the relationship between alcohol preference and strains of rat. In this study, rats also tended to prefer sakes with a high glucose content, although they could discriminate among sakes whose glucose concentrations were adjusted to the same value. Although ethanol increased the rate of glycogenesis from alanine in alcohol-preferring rats, 21) we did not find any correlation between alanine content and preference (data not shown). These results suggest that single components in sakes did not affect metabolism, but the integrated components might affect it and eventually appeared as preferences for particular sakes.
Preference for a particular sake is related to change of metabolism induced by ingestion of a different sake, and this suggests that preference for a particular sake is decided not only by the taste but also by physiological changes. This finding might explain our observation that the preference for a sake depends on physiological condition or hunger. Furthermore, this might hold also for other alcohol beverages such as wine and beer. It will be interesting to inquire whether physiological changes that occur after ingestion of an alcoholic beverage can modify drinking behavior.
